INTRODUCTION
In ordered alloys, plastic deformation affects the microstructure by : (a) introducing lattice defects, (b) decreasing atomic order: the neighbourhood of a given atom is modified during dislocation glide. Electrical resistivity, which is sensitive to all deviations from a periodic lattice, was used to detect such modifications in two long-range ordered (LRO) Ni3Al-based materials.
EXPERIMENTAL
The investigated materials consisted of two substoichiometric intermetallic compounds, Ni75&124.2 and Ni76AlzoTi4. They were prepared from high-purity metals by plasmafurnace melting (I), with a ductilizing addition of 0.1 weight per cent boron. The samples were annealed for 5 h a t 1273 K, then furnace-cooled to obtain a reproducible atomic structure (standard anneal) of resistivity p~.
Deformation was performed by extension a t 77 K or a t room temperature (RT) for Ni76A124 , and by cold-rolling a t RT for both materials.
Two procedures were used for the electrical resistivity measurements: i) Measurements were performed a t 4.2 K before and after the deformation, then after a second standard anneal which restores the initial atomic structure: the change in resistivity due to the plastic deformation Appl. and the effective deformation can thus be obtained. ii) During tensile deformation, the changes of electrical resistance were continuously recorded, allowing a determination of the changes in resistivity due to the elasto-plastic deformation A~~l +~l .
RESULTS
The resistivity variations resulting from small deformations by extension or by rolling are shown in Figure 1 . The presented tensile deformation data were obtained by procedure i) above; procedure ii) lead to very similar results. It can be seen that the curves have similar shapes but with higher increments of resistivity in the case of coldrolling. A decrease of deformation temperature from RT to 77 K does not result in a large difference of the resistivity change. The case of high deformations by cold-rolling is shown in figure 2 for the two intermetallic compounds. The partial substitution ot aluminium by titanium has only a small effect on the resistivity changes. -the resistivity due to the atomic order Porder is related to the degree of LRO, S by (3):
where Pdis is the resistivity of the totally disordered compound and a ( 0.75 for Ni3AI) is a coefficient depending of the electronic structure. Assuming disordering due to dislocation glide to be proportional to the existing amount of order (dS / dD = -C.S) leads to :
[ 11 with pOorder = Pdis -PN.
A fit of equation [ll to the changes of resistivity of N i~~.~A 1 2~. 2 is shown in figure 3 , together the two individual contributions Apdef and Aporder. The equation is seen to adequately represent the data a t large deformations (D > 0.5), but not a t small deformations ( fig.2) , where a positive curvature is found. The values obtained for the coefficients A and C in the two compounds are given in the Table 1 . [l], based on a constant disordering efficiency, predicts the reverse trend. This points to a low efficiency of disordering during the initial stages of dislocation glide. 2. In the same deformation range, the resistivity increments produced by extension are substantially smaller than the ones due to cold-rolling. This might be related to the more complex deformation process during rolling, or to a possible glide localization during the tensile deformation.
3. The effect of a partial substitution of A1 by Ti is not very strong. I t consists in an increase of both contributions to the resistivity increment, reflected in somewhat larger values of the A and C parameters. 4. The deformation of the present LRO materials leads to very different results from those of a previously investigated short-range ordered (SRO) Fe40Cr17Ni43 alloy (7):
-the defect resistivity coefficient A is much larger (-10 pQcm) than in the SRO alloy (0.50 pQcm) and in pure metals (0.09 pdcm for Ni). This is probably mainly due to a higher sensitivity of resistivity to deviations from a periodic lattice, which also leads to high values of the Frenkel-pair resistivity and of the ideal (phonon) resistivity.
-the disordering coefficient C is much smaller (-0.1) than in the SRO alloy (1.18) so t h a t long-range order is destroyed much more slowly than short-range order: the efficiencies of disordering induced by deformations are extremely different. In all cases, the slip of a dislocation of the basic lattice creates disorder. However, in LRO materials, order is restored by the slip of a second dislocation in the same glide plane : there is almost no disordering a t small deformations. Disordering is really effective when the slip mechanism becomes more complex, when, for instance, dislocation cross-slip is activated.
CONCLUSION
Electrical resistivity is a simple and effective tool to characterize the deformation of ordered compounds. It leads to a determination of defect production coefficients and to an evaluation of the disordering efficiency; the latter is found to be much smaller in LRO than i n SRO alloys. The comparison of samples deformed by extension or by rolling shows that the latter process produces larger effects. The substitution, in Ni3AI, of a part of aluminium by titanium has only a small influence in terms of both defect production and disordering.
